Background. Acute kidney injury in adults is a common cause of hospitalization, associated with high morbidity and mortality especially in developing countries. In spite of RRT the in-hospital mortality rates remain high even in the developed countries. ough a proportion of our patients receive renal replacement therapy as part of their management, data on outcomes are sparse. Study Objective. To determine the clinical outcomes of dialysis-treated AKI in our hospital. Methods. A retrospective analysis of the clinical data of all adult AKI patients treated with haemodialysis at the University of Teaching Hospital during an interrupted sixyear period was conducted. Analysis was done using SPSS version 17.0. Results. 34 males and 28 females with mean age of 41.3 ± 18.5 years were studied. e leading causes of AKI were sepsis (22.7%), acute glomerulonephritis (20.5%), acute gastroenteritis (15.9%), and toxic nephropathies (11.4%) and presented with mean e-GFR of 14.7 ± 5.8 mls/min/1.73 m 2 . Of the 62 patients, 29 (46.8%) were discharged from the hospital, 27 (43.5%) died in hospital, while 6 (9.7%) absconded from treatment. Survivors had better Ri�e grade than those who died ( . 1). Conclusion. Hospital mortality rate of dialysis-treated AKI patients is high and the severity of renal damage at presentation may be an important factor.
Introduction
Acute kidney injury (AKI) in adults is a common cause of hospitalization, associated with high morbidity and mortality especially in developing countries. Whereas community acquired AKI is more prevalent in the developing countries, hospital-acquired AKI is more prevalent in developed countries [1, 2] . Community-acquired AKI is responsible for about 1.4-1.9 percent of medical admissions in most series in Nigeria [3] [4] [5] , while hospital-acquired AKI is responsible for about 1 percent of hospital admission most countries in Europe and North America [1, 2] .
In view of the high morbidity and mortality associated with AKI, irrespective of type, there is an increasing application of renal replacement therapy (RRT) as a modality of treatment for AKI in the developed and developing countries. In spite of RRT interventions in the form of intermittent haemodialysis (IHD) or continuous therapies (CRRT), inhospital mortality rates remain high in the developed countries of Europe and North America [6, 7] . Recent studies also indicate a rather high prevalence of progression to chronic kidney disease and ends stage kidney failure among survivors of RRT-treated AKI [8, 9] . is has been attributed to presence of the multiple organ dysfunctions in the predominantly ICU-based populations of AKI in those populations.
In Nigeria with a predominance of community acquired AKI, there is a relative paucity of systematic studies of RRT treated AKI patients in terms of overall renal and patient outcomes. Available information can only be obtained from inferences from data from studies of acute renal failure.
We under took a retrospective evaluation of the dialysis performance and outcomes of IHD-treated AKI patients in our hospital during an interrupted period of six years to determine the prevalence of haemodialysis-treated AKI and to determine the haemodialysis exposure and the overall outcome of haemodialysis-treated AKI in adult patients in our center.
Methods
A retrospective analysis of the clinical data of all adult AKI patients treated with IHD during an interrupted six yearperiod. e history of haemodialysis service at the university of Port Harcourt Teaching Hospital falls into two operational periods. e �rst period was from July 1996 to December 1999 when operations ceased due to technical problems. In January 2007, operations recommenced following installation of four haemodialysis machines.
e clinical case �les of all haemodialysis-treated acute kidney injury (AKI) patients during the two periods: July 1996 to December 1999, (a period of three and half years) and January 2007 to June 2009 (two and half years), making a total of six years, were obtained for analysis.
Data for analysis obtained from the haemodialysis case records and the in-patient case �les, include the demographic data, the major clinical features at presentation, the aetiopathologic cause of AKI as documented by the managing renal team, the daily urine output record, the haematocrit level at presentation, the electrolytes, urea and creatinine pro�les at presentation and subsequently for the period of hospitalization, as well as the indication(s) for haemodialysis.
e haemodialysis data obtained include the following: (1) measures of dialysis exposure; the duration of haemodialysis therapy and the total number of dialysis sessions attained, before the study end point. Intermittent haemodialysis was the only form of renal replacement therapy available in our center. All the 62 patients received IHD. (2) Measures of renal and clinical outcomes: these include 24-hr urine output pro�le, change in the serum urea and creatinine levels, progression of e-GFR, and the overall patient clinical recovery.
Study end points include, discharge from hospital, dialysis dependence beyond 12 weeks, abscondment from treatment or death.
e e-GFR of the patients was calculated using the Cockcro and Gault [10] equations for males and females.
Acute kidney injury was de�ned in accordance with Acute Dialysis Quality Initiative (ADQI) guidelines [11] as a sudden deterioration in kidney function characterized by oligo-anuria or normal urine volume, rapid rise in plasma levels of urea, and creatinine and rapid fall in the e-GFR occurring within a few days and usually lasting no longer than 12 weeks. e severity of AKI at presentation was assessed using the RIFLE criteria [11] . Because the urine output records as obtained in the case records were found not likely to be accurate, the serum creatinine level (Scr) in mg/dL was used for the determination of the Ri�e grade of the patients.
e premorbid Scr levels of the patients were not known as they all presented for the �rst time in AKI (community-acquired AKI). In accordance with the Acute Kidney Injury Network (AKIN) [11] recommendation, the estimated pre-morbid Scr of the patients were calculated using the modi�cation of diet in renal disease (MDRD) formula for determination of e-GFR, with an assumed e-GFR of 75 mls/min/1.73 m 2 . In accordance with the Ri�e grading using Scr, Risk = Scr 1.5 fold of baseline, Injury = Scr 2 fold of baseline, Failure = Scr 3 fold of baseline or Scr ≥ 4 mg/dL, Loss = persistent ARF or complete loss of kidney function, and End stage is kidney failure, lasting more than 3 months.
Data Management
e data analysis was done using SPSS version 17.0. Quantitative data are presented as mean ± s.d, and categorical variables as percentages. Statistical comparisons were done using independent sample -test and Chi-square test as appropriate, while Pearson's correlation test was used to establish relationship between variables. Signi�cant levels were set at .
Results
During the period understudy a total of 6151 medical admissions were recorded, of which 735 (11.9%) were cases of kidney failure, comprising 614 (9.9%) chronic kidney failure, and 121 (1.9%) cases of acute kidney injury (AKI).
Out of the 121 cases of AKI, 62 (51.2%) received renal replacement therapy in the form of intermittent haemodialysis as part of their management. e hospital prevalence of dialysis-treated AKI was therefore 1.0% of medical admissions, 8 .4% of all kidney failure cases, and 51.2% of AKI patients.
e clinical data and the outcomes of the 62 patients who received renal replacement therapy in the form of acute intermittent haemodialysis were further analyzed.
ey comprised 34 males and 28 females (M/F = 1.2 : 1) with a mean age of 41 3 ± 18 (15-83) years. e peak age was in the 40-49 age-group. Over 70% of the patients were under �y years of age. e baseline parameters of the patients at entry are set out in Table 1. e clinical settings for AKI were medical 44 (70.9%), surgical 15 (24.2%), and obstetrics 3 (4.8%), respectively. e leading medical aetio-pathologies causing AKI were, sepsis (22.7%), acute glomerulonephritis 9 (20.5%), acute gastroenteritis 7 (15.9%), and toxic nephropathies 5 (11.4%), respectively.
Obstructive uropathy 9 (60.0%) was the commonest surgical cause of AKI, while obstetric haemorrhages 2 (66.7%) were the commonest obstetric causes of AKI.
e four most frequent presenting features (Table 2) were oligo-anuria 37 (59.7%), oedema 30 (48.4%), encephalopathy 17 (27.4%), and fever 8 (13.3%).
eir mean systolic and diastolic blood pressures at presentation were 1 ± 26 (100-220) mmHg and 92 ± 19 (60-160) mmHg, respectively. Hypertension (BP ≥ 140/90 mmHg) was observed in 34 (54.8%) of the patients.
e indications for dialysis in the patients were very high azotaemia at presentation or rapidly rising azotaemia e mean e-GFR of the patients at presentation was quite low with a mean of 14.7 ± 5.8 (6.7-34) mls/min/1.73 m 2 . e estimated mean pre-morbid serum creatinine was 1.27 ± 0.33 mg/dL (0.73-2.15).
e mean of the ratio of the actual serum creatinine at presentation to the estimated pre-morbid serum creatinine was 8.55 ± 3.9 (2.15-17.6) folds.
Applying the Ri�e grading for AKI, based on serum creatinine levels at presentation, the results were Risk (0.0%), Injury 4 (6.5), Failure 58 (93.5%), Loss and End stage kidney failure could not be evaluated.
Dialysis Exposure and Clinical Outcomes
e mean number of dialysis sessions received was 2.3 ± 1.7, with a range of 1 to 8 sessions.
Of the 62 patients, 29 (46.8%) recovered enough to be discharged from the hospital, 27 (43.5%) died in hospital while 6 (9.7%) absconded from treatment ( Figure 1) .
ere was no signi�cant di�erence between the number that survived and the number that died ( 0.05). Comparison between the demographic, clinical, and Ri�e status of the dead and the surviving patients (Table 3) showed that the surviving patients had a better Ri�e grade than those that died. All the mortality cases had 100 percent Ri�e-failure status compared to 85 percent among the survivors ( < 0.001).
Discussions
e results from our study show that dialysis-treated AKI is quite prevalent in our hospital, accounting for one percent of medical admissions, 8.4 percent of kidney failure cases, and 51.2 percent of acute kidney injury patients. us over ��y percent of our acute kidney failure patients received RRT. e percentage of AKI patients requiring dialysis may be higher as some may have needed dialysis but did not have access due to the high cost of haemodialysis in Nigeria [12] .
ough published studies in Nigeria focusing on dialysistreated AKI is sparse, inferences from the data on studies of acute renal failure in Nigerian patients indicate that about 29.2-90.6 percent of acute kidney injury patients received dialysis in the course of their treatment [3] [4] [5] .
Data from studies from other developing countries show prevalence rates similar to ours. Jayakumar et al. [13] in a study of epidemiological trend in acute renal failure in South Indian region recorded 69% dialysis requiring AKI. Similarly, Hassan et al. [14] in Pakistan recorded 100 percent dialysis treatment.
In the developed countries of Europe and North America, hospital-acquired AKI dominates over community-acquired AKI, being predominantly from postoperative (major surgeries such as cardiac transplant) sepsis and haemodynamic instabilities from multiorgan dysfunction. Most cases are intensive care unit (ICU) based. In the United states of America hospital acquired AKI accounts for 1 percent of hospital admissions while in the United Kingdom it is responsible for 175-200 per million population per year [6, 7] . In these populations it is estimated that 4-5 percent of general intensive care unit populations would require RRT [15] .
In these settings, RRT requirement and therapy is quite prevalent and increasingly becoming the gold standard of care for AKI patients [16, 17] .
From various reports a wide range of between 20 and over 80 percent of ICU based AKI patients are treated with one form of RRT or the other and population estimates indicate that RRT-requiring AKI occur in 200-300 per million population per year [18, 19] . e clinical and metabolic pro�les of our patients were characterized by poor status with severe azotemia, metabolic acidosis, persistent oliguria, and uraemic encephalopathy (Tables 1, 2 and 3) . eir mean entry serum creatinine (11.6 ± 5.4 mg/dL) was several multiples (11.3 folds) of their estimated mean premorbid Scr (1.24 mg/dL). eir entry mean e-GFR were quite low (14.7 ± 5.6 mls/min/1.73 m 2 ) and their Ri�e status at entry were also severe, with 93.5% in the failure category. e patients were extremely ill; hence the 51.2 percent need for RRT intervention and the 43.5% mortality recorded was not surprising. ough, measures of severity of illness like APACHE II, SAPS II, and SOFA scores were not documented for the patients. APACHE II score has been shown to reproducibly predict mortality in patients who are critically ill, including critically ill patients with AKI [20] .
Factors responsible for their poor clinical and metabolic state would include late presentation in advanced stage of AKI, predominantly community acquired nature of AKI, whose precipitating ailments were predominantly, sepsis, entero-invasive acute gastroenteritis, toxic nephropathies, as previously documented in AKI in developing countries [21, 22] . ese causes of AKI are known to in�ict severe renal injury necessitating RRT therapy [6, 7] and oen associated with poor renal and patient outcomes.
We recorded 43.9 percent mortality among RRT-treated AKI patients (Figure 1 ). ough there are no similar statistics of mortality rates among RRT-treated Nigerians, the overall AKI mortality rates are high in Nigeria. Recent data from Benin, Ilorin, Ile-Ife, all in Nigeria showed 36%, 62%, and 38.7% mortalities in all AKI patients, respectively [3] [4] [5] .
Our mortality �gures are similar to in-hospital mortality �gures of RRT-treated patients in developed centers, (with better facilities such as continuous renal replacement therapies-CRRT), which range from 30 to 80 percent [23, 24] . However, there seems to be no difference in outcome between the use of IHD and CRRT, though CRRT may have a role in patients who are haemodynamically unstable and who had prolonged renal failure aer a stroke or liver failure. e Acute Renal Failure Trial Network (ATN) study found that no additional bene�t (morbidity or mortality) was conferred to patients who received more intensive dialysis (either intermittent or continuous dialysis) compared to those who received less intensive dose of RRT [25] .
AKI serious enough to require RRT has been found to be associated with worse Ri�e grade at presentation, high in-hospital mortality and progression to chronic kidney disease (CKD) and end-stage kidney disease (ESRD) in 5-20 percent of survivors within a few years [8] . A USbased multicenter analysis of data among US Veteran Affairs population, followed up for over 60 months aer episodes of RRT-requiring AKI, showed that AKI increased the risk of developing CKD-4 by 303 to 550 percent [9] . All the patients who developed CKD did so within 20 months of discharge from the hospital. is emphasizes the need to keep AKI survivors under close medical surveillance over a long period of time. Over 93 percent of our patients had failure-grade of Ri�e at presentation and associated high inhospital mortality. Due to poor follow up it could not be ascertained what proportion of the survivors developed CKD aer discharge from hospital.
e poor dialysis exposure of our patients in terms of dialysis frequency and total number of sessions received may have contributed to the high in-hospital mortality.
e most dialyzed patient achieved 8 dialysis sessions over a period of 6.5 weeks. e apparent low frequency of dialysis was due to poor �nancial status of the patients and frequency of dialysis was similar in both survivors and those that died (Table 4 ). Access to dialysis therapy remains a serious challenge in resource poor developing countries like Nigeria [26, 27] . is is mainly due to poor access resulting from the relative high cost of dialysis treatment [11] .
Comparison between the survivors and those that died in our series showed that there were no statistically signi�cant differences in the demographic and metabolic characteristics. All the patients were managed on the general wards and there were records of treatment with ionotropes or mechanical ventilation in these patients. e survivors however had a statistically signi�cant lower percentage of the Ri�e-failure grade, 85% versus 100%, respectively, ( . 1) ( Table 4) . is is in keeping with previous observation demonstrating the usefulness of the Ri�e grade in prognostication in AKI. AKI patients presenting in the Risk and Injury grade have better outcomes than those presenting in the advanced grades of Failure, Loss, or End stage categories [28, 29] .
Given the rather poor outcome of dialysis-requiring AKI patients both in the developing and developed countries, there is the need for preventive measures to reduce the prevalence of AKI in the community and in the hospital.
ough hospital acquired AKI has not been systematically studied in Nigeria, its incidence and prevalence are likely to be high. Accident and emergency units, burns units, children emergency units, obstetrics units, postoperative surgical wards, and the few emerging ICUs in the country are focal points for hospital acquired AKI. All patients admitted in these settings are at high risk of developing AKI.
Medical care givers working in these areas need to be more proactive and anticipatory in their approach to patients. All patients admitted into these facilities should have urine tests performed, urine volumes, and �uid balance charts Prevention of community-acquired AKI is more difficult as most patients present when AKI is fully established. However the common causes of community-acquired AKI are communicable diseases or exposure to environmental toxins, for which prevention is possible. Malaria, cholera, snake bites, entero-invasive gastroenteritides, toxic nephropathies, and so forth are all potentially preventable by appropriate public health interventions. It is through such public health interventional measures that community acquired AKI have been virtually eliminated in most developed countries of Europe and North America [6, 7] . e challenge is thus before our Public health departments at the state and National levels.
AKI progressing to CKD and ESRD possibly contribute to the high prevalence of CKD in our populations. A proportion of the 3-5 percent of the indeterminate causes of CKD in our environment [30, 31] may be due to partially resolved AKI which gradually progress to CKD over time. Follow up of discharged AKI patients is relatively poor in Nigeria. is is due to a number of factors ranging from high absconding rates, ignorance, poor communication facilities, long distances, and difficult terrains between city-based hospitals and the patients' rural domains, and so forth. With the advent of the mobile phone communication system, which is widely subscribed to, even amongst poor and rural based people in Nigeria, there is need for medical care givers and our medical social services units to be more proactive in reaching patients discharged from hospital to improve follow up of discharged patients. Patients who failed to turn up on their appointed follow-up days can be reached on phone.
With improved follow ups we would be able to track our surviving post-AKI patients to determine their long term outcomes.
Conclusions
e results from this study show that the prevalence of dialysis-treated AKI is high in our hospital. e patients present in advanced Stages of Ri�e grading with high inhospital mortality rates. Late presentation, advanced Ri�e stage at presentation and inadequate dialysis exposure account for the high in-hospital mortality rates observed.
Study Limitations
Being a retrospective study, data retrieval may have been de�cient. e haemodialysis case �les of all 62 patients were however retrieved as they were stored in the haemodialysis unit. is can however not be said for the clinical case �les which are kept in the hospital medical records library.
e �uid charts as recorded in the in-patient case �les were considered unreliable. ey were thus not used in the de�nition and Ri�e grading of AKI in the patients.
